c) an in vivo mizolastine release which prevents any plasma 

d) a mizolastine bioavailability which is not decreased 
relative to that of an immediate release formulation; and 

e) wherein the mizolastine comprises from 0,5% to 12% by 
weight of the tablet 



REMARKS 

Entry of the preceding amendments and favorable 
reconsideration are respectfully requested in view of the preceding 
amendment and the following comments. 

The amendment to amended claim 2 9 is entirely editorial 
in nature. The amendment to amended claim 31 finds complete 
antecedent support in the final paragraph on page 6 of the 
specification. 

With the entry of the amendment to claim 29, the 
rejection of that claim under 3 5 U.S.C. 112, second paragraph has 
been completely overcome, thus clearly reducing issues and placing 
the application in better condition for appeal or for allowance. 

In maintaining rejections based on a combination of 

references, the Examiner alleges: 

... it must be recognized that any judgment on 
obviousness is in a sense necessarily a reconstruction 
based upon hindsight reasoning. But so long as it takes 



into account only knowledge which was within the level of 
ordinary skill at the time the claimed invention was 
made, and does not include knowledge gleaned only from 
the applicant's disclosure, such a reconstruction is 
proper. See In re McLaughlin, 443 F.2d 13 92, 170 USPQ 
209 (CCPA 1971) . 

The criteria for combining references has changed over the 31 years 

since the rendering of the McLaughlin opinion cited and relied upon 

by the Examiner. To assist the Examiner in this regard reference 

is respectfully made to the present criteria for combining 

references, as set forth in the Dembiczak Case, as quoted and cited 

on pages 6 and 7 of Applicants' Amendment of April 9, 2001. The 

Federal Circuit made it very clear in that case what the stringent 

current criteria are for combining references. In the event that 

any combination of references is maintained, the Examiner is 

respectfully asked to point out on the record how each of the 

current criteria is satisfied for each rejected claim by each 

combination of references instantly maintained. 

The Federal Circuit has further clarified current 

practice in this regard in its opinion for In re Lee, 61 U.S.P.Q. 

2d 1430 (Fed. Cir. 2002), at 1433 and 1434: 

"The factual inquiry whether to combine references must 
be thorough and searching." Id. It must be based on 
ob j ective evidence of record . This precedent has been 
reinforced in myriad decisions, and cannot be dispensed 
with. . . . "particular findings must be made as to the 
reason the skilled artisan, with no knowledge of the 
claimed invention, would have selected these components 
for combination in the manner claimed" . . . the Examiner 
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can satisfy the burden of showing obviousness of the 
combination "only by showing some objective teaching in 
the prior art or that knowledge generally available to 
one of ordinary skill in the art would lead that 
individual to combine the relevant teachings of the 
references" . . . the Board rejected the need for "any 
specific hint or suggestion in a particular reference" to 
support the combination of ... references. Omission of 
a relevant factor required by precedent is both legal 
error and arbitrary agency action. . . , "an agency rule 
would be arbitrary and capricious if the agency . . . 
entirely failed to consider an important aspect of the 
problem" . 

As pointed out in the above quoted text, the Federal Circuit 
clearly and unequivocally stated in no uncertain terms that the 
standard relied upon by the Examiner is not the current standard 
and that "Omission of a relevant factor required by precedent is 
both legal error and arbitrary agency action," Current practice 
requires showing some objective teaching in the prior art or that 
knowledge generally available to one of ordinary skill in the art 
would lead that individual to combine the relevant teachings of the 
references. These criteria have not been satisfied in the 
combination of references instantly relied upon in the present 
application. 

The rejection of claims 21, 22, 24 to 26, 30 to 34, 38 
and 3 9 "under 35 U.S.C. 103(a) as being unpatentable over US 
4,590,062 (062) in combination with Desager et al . ,.." is 
respectfully traversed in the same manner and for the same reasons 
as set forth on pages 4 and 5 of Applicants' Amendment of December 



4 



20, 2001. Attention is also respectfully directed to the 
significant comparison illustrated by Applicants' Figures 1 and 2. 

Desager is only one of enumerable publications directed 
to antihistamines. The Examiner has failed to explain how one of 
ordinary skill in the art would be directed to combine teachings of 
Jang with Desager. If that hurdle could be overcome, the Examiner 
is still to explain what would lead the artisan specifically to 
mizolastine from antihistamines referred to by Desager. Even 
(purely arguendo and without admission) were one to find a reason 
for selecting Desager from a myriad of publications on 
antihistamines, all Desager would provide would be an invitation to 
experiment rather than an express teaching for combination. 

What is even more important is that Desager gives no 
information concerning the formulation used. Therefore, it can not 
be meaningfully combined with, e.g., US 4,590,062 in any practical 
way. Moreover, in Desager 's figure 2, page 424, the Cmax is nearly 
400 ng/ml, as compared to Applicants' 243 ng/ml . It is clear from 
the foregoing that the purpose of lowering the peak in the plasma 
has been achieved by Applicants, and this without diminishing 
bioavailability. 

Concerning sedative effects, please find herewith a copy 
of a publication: Hindmarch et al.. Clinical and Experimental 
Allergy, Volume 29, Supplement 3, pp. 133 to 142, 1999, mentioning 



that only a very limited number of antihistamines can claim to be 
free of sedative effects (see end of the abstract) . Mizolastine 
has a ratio 1:N1 of 0.50 (weak effect - see Table 3, p. 139). 
Moreover in one test CRT, it seems that Mizolastine has been 
detected as having impairments (see p. 139) . 

Even the selection of the primary reference (Jang) is 
remote. The biologically active agents referred to by Jang include 
vitamins, analgesics, anorexics, anthelmintics, antiasthmatics, 
antibiotics , antiseptics , anticoagulants , anticonvulsants , 
antidepressants, antidiabetics, ant i -gout drugs, antifungals ^ anti- 
inflammatories, antimalarials, antimigraines, antimotion sickness 
drugs , antinauseants , antineoplastics , antitussives , 
decongestants, diuretics, muscle relaxants, sedatives, 
tranquilizers, as well as antihistamines and many others. Thus, 
even the selection of Jang as a primary reference is based solely 
on Applicants' own teachings. The entire combination of references 
can be regarded as nothing more than retrospective reconstruction. 

Claim 21 is in the restricted ''consisting essentially of" 
format, which separates it and dependent claim 22 even further from 
anything derivable by the two references combined by the Examiner. 

All of claims 24 to 26 and 30 have the limitations of 
claim 24, which expressly calls for subject matter beyond anything 
that could be regarded as "obvious" from the teachings of the 



applied art in the absence of Applicants* own disclosure. Claims 
31 to 34, 38 and 39 all have the limitations of claim 31, which, 
once more, are not at all "obvious" from the references relied 
upon. The Examiner has not pointed out the particular text in each 
of the references that would actually lead one of ordinary skill in 
the art to each of the limitations of each claim so rejected. 

The rejection of claims 23, 27 to 29, 35 to 37 and 39 to 
43 "under 35 U.S.C. 103(a) as being unpatentable over US 4,590,062 
(062) in combination with Desager et al . ... and further in view of 
US 5,102,666 (666)" is also respectfully traversed in the same 
manner and for the same reasons as discussed in the preceding 
remarks. Acharya (666) does not in any way overcome the noted 
deficiencies of the other two references. 

Furthermore, claim 23 is in restricted "consisting 
essentially of" form, which makes it even more remote from anything 
derivable from the proposed combination of references. 

Acharya is directed to controlled release compositions 
comprising calcium polycarbophil and an active agent selected from 
the group consisting of medicinal agents, breath fresheners and 
flavors. No rationale is found for combining any particular 
teaching of Acharya with those selected from the other references. 
The record explanation is entirely retrospective reconstruction. 
The vastness of the disclosures of each of the references minimizes 



the possibility of anyone finding from the respective teachings 
subject matter called for by any of Applicants' claims. 

Each of Applicants' claims has limitations which are not 
specifically addressed by the applied art. For any rejection 
retained for any of Applicants' claims, the Examiner is requested 
to apply the art to each limitation of each claim so rejected. 

With regard to the rejection based on Jang in combination 
with Desager and Acharya, ; Applicants repeat by reference the 
rebuttal to that ground of rejection on pages 7 and 8 of the 
Amendment filed on December 20, 2001. 

Having clearly reduced issues, entry of this Amendment is 
in order and is requested. Having overcome all outstanding grounds 
of rejection, favorable action on the merits and allowance of all 
of Applicants' claims are respectfully solicited. 

Attached hereto is a marked-up version of the changes 
made to the claims by the current Amendment. The attached page is 
captioned " Version with markings to show changes made " . 

Respectfully submitted, 
JACOBSON HOLMAN PLLC 

400 Seventh Street, N.W. 



Washington, D.C. 2 0004 
(202) 638-6666 
Atty, Dkt. No.: P62285US1 
HBJ/lMA/dlj 
Date: August 27, 2002 




Enclosure: Hindmarch et al . 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

29. (Amended) A sustained-release pharmaceutical dosage 
form according to claim [24] 28 wherein the ratio between the 
mizolastine and the L-tartaric acid is 0.5. 

31. (Twice Amended) A coated sustained-release tablet 

having : 

a) a core comprising mizolastine, a fatty matrix and an 
organic acid; 

b) a dissolution profile which is pH independent; [and] 

c) an in vivo mizolastine release which prevents any plasma 
peak 

d) a mizolastine bioavailability which is not decreased 
relative to that of an immediate release formulation; and 

[c)] el wherein the mizolastine comprises from 0.5% to 12% 
by weight of the tablet. 
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Antihistamines: models to assess sedative properties, 
assessment of sedation, safety and other side-effects 



L HINDMARCH and Z. SHAMSI 

HPRU Research Centre, University of Surrey, Guildford, Surrey. UK 

Summary 

Behavioural changes arc produced by any dnig diat enters the central nervous system. TTicse 
psychoactive effects include changes in alertness, concentration, attention, memory, 
cognition, psychomotor accuracy, skilled pefformance and affect Changes in psychological 
performance may affect the safety of bot^ the individuals taking the drug and of those 
people coming into coniact with them. The aims of psychophannacological performance 
teats are to describe the nature, extent and severity of these changes and identiftr drugs 
without deleterious effects upon performance. 

Use of traditional aniihistomines has undl rcccntty been associated with a number of 
undesirable side-effects, the most troublesome of which is sedation. There are two aspects to 
sedation. Firstly, an objectively determined one based on Che results of psychometric, tests , 
from controlled trials and secondly, the subjects response to the administration of a dru^. ^ 
' Altlwugh die second generation of antihistamines have a much more favourable thaapeutit. , 
index, use of these agents has also been reported to cause varying degrees of scdaUon- As 
antihistamines are largely used by anibuUnt patients, a complete evaluation of .sedRS<>ft = 
should be performed through standardized objective tests, shown to be sensiave to the., 
central effects of antihistamines as well as reliable ratings of subjective ei^>eaCTC^, 

An extensive rtview of the literature has identified a number of tests v(idch appear to be 
sensitive to die centra! effects of antihifitamincs. These include tests' Of psychofnotw 
performance, senspri-moior co-oidindtion speed, information processing., sensory. sWls-as 
well as physiological measures and subjective rating scales. • ^ 

Using rtiis battery of cognitive and psychomotor tests, it is evident that only a very limited, 
number of antihistamines can claim to be virtuaUy free of both objective and suyectivc 
sedative effects, althdiigh tiie second generation of aniftistamines are generally lc$s 
impairing tiian the original ones; when prescribed at their recommended doses, 
Keywords: CNS, psychoactive effects, sedation, antihistajtiines 



Introduction 

The use of traditional antihistamines such as diphenhydra- 
mine, hydroxyzine, promethazine and triprolidine is often 
associated with a niunber of unwanted and undesirable 
central side-effects, the most troublesome of which is 
sedation. The term -*scdation* usually expresses a wide 
range of subjective experiences described as drowsiness. 

Correspondence Dr Z. Shamki, Human Psychophaimacology Rwearch 
Unit, Univeniiy of Surrey, figoton Road, GuUford, Surrey, UK. 

O 1999 BUckwell Science Ltd 



loss of alertness, decreiscd cdnccfitrtitid.rt'n^^ 
etc; In facty, sedation reflfccts tbe (tncasumbii^)'*^^ 
of supcrior.cognitiVe fanCtipnS silthfi^^tt©^^^ 
co-ordijiatioii and psych6mot6r:^cr{i^^ 9^" 
severely impair daytirhe activities .sach;4is school perfor- 
mance, car driving ability, and hiatfy oth.er-. tasks -where 
concentration and a high degree of -fllfittiieSfi -afld skill are 
required. 

Excessive sedation following the uSe of traditional 
antihistamines, prompted tiie . development of a second 
generation of speciEc Hi-receptor antihistamines ttiat 
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Environment —-►Attention — ►Cognition Responses —► Behaviour 

Fig. 1. Ad ixifon&Btion proccssins model of 
Mennory cognition. 



show a better tolerability at therapeutic doses and wtiich 
have minimal effects on the central nervous system (CNS). 
The inability of these agents to cause sedation has been 
attributed to a number of factors including their low tipo* 
piiilictty, which restricts their entry into the CNS [2]. The 
large molecular size, and greater affinity for peripheral 
receptors also reduces their propensity to cause sedation. 

Although there are differences between various antihis- 
tamines in their ability to cause sedation, there are only a 
few antihistamines currently available that are claimed to be 
virtually free of sedative side-effects. Most antihistamines 
lack sedative effects when they are prescribed at the 
recommended thcarapeutic doses, however* sedation does 
occur when higher doses are used. As antihistamines m 
largely used by ambulant patients, including children., a 
complete and quantitative evaluation of sedation is required. 

To measure the action of a drug on human behaviour, 
whether to assess the clinical change produced by drug 
treatment, or to profile the pharmacodynamic activity of a 
particular drug, reliable and valid ratings and measurement 
systems need to be developed. 

To examine the ways in which the activity of psycho^ 
\ active drags can be measured on psychomotor performaijce, . 
; Hindmarch [3] proposed a basic model of information 
processings in which the human or]ganiam is regarded 
; an information-processing system,, whm sensory stimuia- 
tion is processed and organized centraHy, before being., 
formed into motor reisponse schemes which are ultimately, 
realized in behaviour^ 

Figure I presents a simple model of information procesr 
siog adapted &om Hindmarch [3]. The model isolates the, , 
maior processes as separate ruechauisms within a linear 
system. Information from the environment is attended to 
and passed to higher cognitive mecfaanisms, vdkere it is 
analysed and, if required, integrated with information from 
memory. A decision concerning appropriate response is 
then reached and an order passes to die response output 
mechanisms. 

Hie chbice of a psychomotor test is central to the under- 
standing of any effects found. Thus, Cboiou^ psycho- 
phaimacological assessment requires a range of tests to 
ensure diat subtle or specific drug effects ate not over- 
looked. Hie clear need is for chosen tasks to be representa- 
tive of key, well defined and accepted areas of cognition and* 
psychomotor performance. Theoretically one should use a 
test battery where separate and conjoined aspects of 
perfotmance are measured. 



A cursory review of tlie literature reveals clearly ibat 
some 'tests' are more sensitive, valid and reliable than 
others, but it is also true that there is no single test than • 
can satisfy air criteria in covering all aspects of human 
performance. A large number of trials have been carried out 
to investigate the central effects of antihistamines. In 
assessing this central effect, a large number of tests have 
been employed, however, many of these tests are not valid, 
have never been shown to be reliable, and the ability to 
reproduce the results is almost impossifaje. A number of .\ 
steps can be taken to ensure the validity and reliability of an 
experiment, such as screening of volimteers pidor to parti- 1 
cipation, however, the simplest way of ensuring the validity . % 
and reliability of an experiment is the inclusion of a vermn . 
(positive control). By inclusion of a verum, the sensitivity of % 
the test battery is guaranteed so loa^ as the. verum scores. J 
show significant impairment Q fdlloWijjg the use Of 4:.^ 
verum. effects are not obvious on an assessm^l mei^isurci^^l 
then it must be assumed that the test.is'ii^nsitiye'^d 
credance can l>e given to any ^dingis i^btained in i^.ch^^^-<& 
instance. Antibistanunes such ^as pibIi^edulzinB^.■hydiroj^^ 
zine, cleniastine and triprolidine have ht^ cb^NdpA^jB^}^ 
, consistehtly shown to impMr.perf6rina]^ on a ^^^ 
. of tests PI- For this reasor^, they are fte^ntly inchKled ia^^ 
studies as positive internal controls, WheA invesdgiEitiiig the 
central effects of antihistamines. '\' 

This review will aim to identify the^tests which aie most 
sensitive to the effects of autihistamihes. Jts primary pur- 
pose is to identify a test battery which can be used when 
assessing the sedative profile of anlihistaniines. A secondary 
objective of this review is .to -assess l}ie Native potentia] of 
second generation of antihistamines using this battiery f 
cognitive and psychomotor tests. 
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MeOiods 

A computer-assisted MEDLINE search was conducted to 
identify well-designed studies, published froiii i9'65 to 
1997; investigating the sedative, psy^hombtorand cognitive 
effects of all antihistamines that .^re e^ther^iy ail^ble or soon ' 
to be available. Search temis included histamine Hj antago- 
nists, antihistamines^ psychomotor perfoonance, cognitive 
function, and specific drug names such as astcmizole, 
loratadine, cetirizine, fexofenadine, mizolastine and ebas- 
tine. The search was limited to stodies performed in 
humans. Studies had to be placebo and verum controlled, 
performed in healthy volunteers, and of particular interest 
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7/cre studies using standardized, quantitative inetiiodB of 
defining both objective and subjective drug-induced effects 
an sedation, psychomotor performance and cognition. As 
well as publications, data have also been included firom 
published abstracts in peer-reviewed journals. 

Results 

A total of 55 placebo and vemm-controUed studies were 
reviewed. This comprised data on a total of 21 antihisU- 
mines, of which 14 are classed as second-generation non- 
sedating antihistamines. Seven traditional antihistamines 
were reviewed and they were almost always included in 
these studies as positive controls. Both acute (A) and 
repeated (R) dosing regimens were included All studies 
used a double-blind cross-over design, and single-blind 
cross-overs or parallel group comparison methods were 
excluded. 

The categoiization of tests is similar to that perforaied by 
Rombaut & Hindraaich [4], in wliich tests measuring 
similar CNS activities weie grouped together. 

For each dmg and test dose, rcsulte have been listed as 
Mmpairment* or 'no impainncnt' for each test (using the 
codes presented in Table 2). If a statistically significant 
difference (P<0.05, P<O.Oi or better) between the test 
dmg and placeho was foiind on a specific test indicating a 
disturbed CKS activity, then the results were listed as 
Hmpainnent'. . . 

In addition, for each antihistamine a ridk : benefit ratro 
was calculated similar to that conducted by Hindmarch [5]. 
For each drug, the number of discrete tests iii which 
significant impairment was reported were totalled. The 
risk : benefit ratio for each antihistamine was then calpulated 
according' to the following formula: l-«-NI, where I = the 
liumbcr of tests where significant impiiiiinent of 
performance was found, and NIs=the number of tests 
where no impairment was detected. This calculation gives 
an inipairment : no impairment ratio which represents the 
likelihood that a given antihistamine will cause sedative 
effects, The more impairment observed with a given drug, 
the greater is the value of the ratio. Conversely, an anti- 
histamine widi a good benefit : risk ratio will have a value 
close to zero. 

It is evident from these studies, which are considered to 
be the most adequately controlled, tfiat most of the anti- 
histamines under investigation do possess some sedative 
activities. However, it is the first generation antihistamines 
which consistently impair performance at all doses tested, 
whereas the second generation of antihistamines have a 
generally lower sedation index. altJiough there are differ- 
ences between the drugs. 

However, the most important finding is that the tradi- 
tional antihistamines included as positive controls behave as 
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expected in that they consistently impair performance on a 
large number of tests measuring different aspects of cogni- 
tive and psychomotor performance. This impairment is 
noticed on bodi objective and subjective measures. 

Chlorpheniramine (4-16 mg), diphenhydramine (25- 
150 mg), hydroxyzine (25 and 50 mg) and promethazine 
(10, 25 and 30 mg) were exclusively used as vcrums, 
whereas clemastine (L-4mg) and ketotifen (1 and 2mg) 
were included in a immber of studies as a comparator rather 
than a positive control. 

Triprolidine was included in a total of 18 studies as a 
positive control and resulted in impairment of all aspects of 
cognitive and psychomotor performance at all doses tested. 

There was one incidence in which no impairment was 
noted with a 1 0-mg dose of triprolidine, however^ this was a 
subjective assessment of sedation, and it is widely accepted 
that subjective reports of sedation are not as reliable as 
objective tests. Subjects often fail to repoit sedation even 
thou^ there is evidence of an objective impairment and 
subjects even report sedation with no objective evidence of 
cognitive disruption. 

Diphenhydramine was included in a total of 18 studies, 
and impairing effects were noted with all doses under 
investigation, with the exception of one study, where qo 
impairments were noted. However, in thi^ jptftdj. 
ments were made only at 2h post-^rug ing«^ti^ and it is 
possible that impairing effects would have bfscfl evideSiit hdd 
the' testing been continued for longer than .2h.- ' ' ■ 

All other traditional antihisbmiines behaved genct^^ as 
expected, and although there are instances where no inripair- 
ment has been reported, the number pf studies te|S(mjng 
impairinfi .effects far exceeds those which have failed to 
detect sedation. . ' • 

Disciission 

Perhaps the most important finding frbib. .the studies 
reviewed, is that the inclusion of a* yertyii is. essential 
when investigadng the CNS 4ictivity of ncrwjy deviclopcd 
antihistamines: In a study that involves only the test dmg 
and placebo, data Showmg no Change \n tost J?09ie« may 
indicato either that the drug doe9. hot induce Impaitment or 
that the tests lafcked isufficicht seiisitlvity 'to'^-lte 
impmnnent Inclusion of the poffltlVe control iuarahtees 
the sensitivity of the test battery. The positive control should 
be an antiHstamine known to be impairiiigi giVdn at the 
lowest dose that will produce (Sianges iii tpst scores. Higher 
doses are sometitues used, however, thif wouW leave open 
for question whether the endpoints of CNS effects would 
have been sensitive enough to detect leaser but relevant 
effects of tfic test. drug. By using the minimal dose of the 
veixmi needed to produce CNS effects as a positive control, 
there is a greater confidence in the sensitivity of the 
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Table 1» Placebo- and vcium-controlled studies 



Test lesults 



Drug 

Acrivastine. 

Astemizole 

Azotadinc 
Celirizine 



Dose No impairment 

4mg(A) B7.Ea, HI 

8mg(A) Al. 3B7, 2E2, 2H1 

16ing(A) B7.E2,Hl 
24mg(A) 

J 0 mg (A) B4, CI. E4, G2, G4, 2H1 

20mg(A) B4.HI 

30mg(A) A2.CI.H1 

40mg(A) C4,H1 

4mg(A) A2,B5, HI 

8mg(A) HI 

2Jnig{A) B5,C1,05,H1 

5 mg (A) 3A2, B5. B7. CI. 2C2. Bl, G3, 

G5. 3H1,H3 

10 mg (A) Al. 3A2. Bl. B5. B7, 3CU 2C2. 

2C5,D1.2G4, G5, 9H1. H3, 



Chlorpheniramine 



Clemaxtine 



Diphenhydramine 



Ebastine 



Fexofenadine 



lOmgCR) 


Al. Dl. ES. Gl, 02. 03. 2H1 


15 mg (A) 


El 


20mg(A) 


3A2, B7. 2C1,2C5. 3H1,H3 


20mg(R) 


G1,H1 


4mg (A) 


HI 


8mg(A} 




12 mg (A) 




12 mg (R) 


B7,C1 


i6mg(A) 




lmg(A) 


C3.2H1 


2mg(A) 




3mg(A) 




4mg (R) 




25mg(A> 




50 rag (A) 




100 mg (A) 


B7. CI . 


lOOmgCR) 




150 mg (A) 




l50mg(R) 




10 mg (A) 


BU B8. Gl.Hl 


lOmg(R) 


Al. HI 


20mg(A) 


Bl. B8.G1. HI 


20 mg (R) 


Ai.m 


30mg<R) 


AJ. HI 


80 mg (A) 


B5. Ct.G5, HI 


120 mg (A) 


B3»B5.C1,C2.E1.G3,G5. 




2H1 


I20 mg (R) 


Al. E3 


180mg (A) 


B3, B5, CUC2.El.G3,G5, 




2H1 


240mg (A) 


B3. C2, El. 03. HI 


240 mg (R) 


A1.E3 



Impairment 



A1.B7 
AI.B7 



A2.B5 
B1,HUH3 
E1,B5. 03, 2H1,H3 



B1,G3.H1.H3 
2C2 

A2. B3, 2B4. 2B5. C3. Dl, 2H1. Hi 
2G4,2H1 ' : ' 

A2,C1.H1 
Gl, 2H1 
C4.H1 

BI;B4,B7.D2 

Al; B2. 2B5. 2B8, 2G1, E2. Gl, . 
2Hi 
3. HI 

A1,E3 : 
B3i,B4,B5,C3,Dl.Hl,H3 
Al. 3A2, B2, 2B3. 2B5, 3B7, 2CZ, 
C7. El. 3B2. Gl, 3G4 lOHl. 3H3 
HI 

CI, C2. E2^ HI 
G3 

C2. E5. 203, HI. H3 
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Table 1. continued 



Test results 



Dmg 



Dose 



No in^airmecLt 



Imp&irment 



References 



Hydroxyzine 

Kctotifen 

LevDcabastinc 

Loraradlne 



Mequitazine 
Mizolastine 



Qxatomide 
Promethazine 



TazyfyUine 



TemeUstine 
Tcrfenadine 



TriproHdine 



25 mg (A) 
50mg(A) 
50mg (R) 

I mg (A) 

2mg (A) 

O^mg/mLCA) 

2mgAML(A) 
10 mg (A) 

10 mg CR) 
20ing(A) 

20nig(R) 
40ing(A) 
40ing (R) 

5ing(A) 
l0mg(A) 

5 rag (A) 

lOmg (A) 
15mg(A) 
20 mg (A) 
40ing(A) 
45mg(A) 
30mg (A) 
10mg(A) 
25 mg (A) 
30 rag (A) 
5mg (A) 
lOmgCA) 
iSmgCA) 
200 rag (H) 
20mg (A) 
60 mg (A) 



60 rag (R) 
120mg (A) 

120 rag (R) 
J80mg(A) 
240mg(A) 
2.5 mg (A) 
5mg(A) 
5mgCR) 
7.5 mg (A) 
lOmieCA) 

lOmgCR) 
15mg(R) 



04 

A3, CI. Vh HI 

A3. CI, Dl. HI 

Al, B4. 2B5. 2C1, C2, Dl, 

E4, (34. 205, 5H1 

C2, G3, H3 

A1.B4, B5.C1,C2, Dl. 
E4, GS; 3H1 

B4. Cl.Dl, 2H1 
C2.H3 

CU C2, E4, HI 
CUE4.HI 

Al, A2, B2, B3. 3B5. 3Cl. 
C5, Dl, E2. 2H1 
A1.B2»2B5,-2CI,B2,H1 
A2, B3,2B5, 2CU C5,D1,H1 



BS, HI 

HI 

HI 

B4.Cl.C2,E4,m 
C1,C2.E4,H1 

ci,c2.m r 

Cl.C2,E2.tll 
C3, HI 

2A1,B2,2B3,5B4. 2B5, 3B7, 
6Cl,4C2,2e3.C7,Dl,El, 
E2» E3. 3E4, Gl, 304. 16H1, 
H3 

Al, HI 

2A1,B4, 2B7.C1, C2, C4 

D1.E4,G3,3H1 

Al. B5, B6, B7. CI. Gl. G2. 3HJ 

Al, B7 

B7. CI. HI 



HI 



2Cl,2C5, E5, 3H1 

G4.H1 

B5. B6. HI 

HI 

HI 



B1.B7. D2 



Al. E2. HI 
B5. C2. B4, G5 
G3 
B4 

B4,C2 



Al. B2,B5. CI. HI 
Al,B2. BS.Cl.Hl 
A2. B3, B5. 2C1. C5. Dl 
HI 

2B3. B4, C2. 2EI, 2G3, 2H1, H3 
B5. CI, G5. HI 
B5. CI. G5 

B4 

B4.E4 



A2,B3. B5, B7,C1.C5,P1. 
D2, G4 



Gl, HI 

Al, Dl. E2. HI 



B7. E2, G2, HI 
'B7,E2.H1 
A1.E2,H1 
B6, Cl.C2.Hl 
2A1,A2, A3. B2.4B4, 2B5. 
6C1. 4C2. C5, 4D1. 4B4, 7H1 
3A1. Dl. 02, 2H1 
GL HI 



13, 2S, 29 

27 

52 

28 

18 

53 

53 

18,24,39, 50. 

54,55 

48 

24. 54, 55 
56 

24,54 
48 
57 
57 

41. 5d, 59 



''■''■>i9w;."'r:5" 



••41-. -[^ 
•"■58.-i?*- 

"26.33.'3i'' ■ 

•24 -•■:^^:/:.-:v ?/::; 
-50 •••-v^"■•-'^*•^^ 

60* • . . ■ 

60 '■ • 

60 

38 

8, U,i7.i8. 1^, 32, 
33i, 34;^5r36. ^8,39. 
44, 45^ 46; $5, 67', 58, 
59.6(>,«K ; 
.62. --^ . • 

12;i7.4jv'44^ 

U.'il\"R':i2,-56 

46 -.. ■ . . 
I5,^i0 
V5 ' ' 
' 56 
61 

11,19.3U53. 54. 55, 

57,58,59.60 

31.49,62 

14 
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Table 2. Codes for measures of performance 



A: Psychomotor perfonrumce 



Al 

A2; 
A3 



Actual car dnving 
Simulated car dnving 
Simulated car tracking 



B: Sensorimotor co-otdicaCion cpeed 



Bl 

B2: 
33 
B4: 
B5 
B6 
B7 
BS: 



Adaptive tracking 
Critical tracking 
Continuous tracking 
Visuo-motor co-ordinatiQn 
Choice reaction time 
Simple reaction time 
Reaction time 
Pursuit rotor 



C: CN5 arousal, information processing 

Cl: Critical fliclcer fusion 

C2: I>igit symbol substitution task 

03: Mcutal aritlimetic 

C4: Letter cancellation 

C5: Stroop colour test 

C6: Logical reasoning 

C7: Visual search task 
D: Memory 

Dl: Short-tenn memory 

D2: Continuous memory task 
E: Sensory skills 

Bl: Vigilance task ' 

£2: AtterJion task 

E3: Continuotis anentioa task 

E4: • Dynamic visual acuity 

ES; Simulated assembly-like task 
F: Motor ability 

Fl: Finger tapping 
G: Physiological 

GI: Elcctrocncepbalograph (^EG) 

Q2: Continuous E5G ; 

G3: Multiple sleep latency test 

G4: Evoked potentials 

QSi Actigraphy 
H: Subjective ratings 

HI: Visual analogue rating scales 

H2: Profile of moods scale 

H3: Stanford sleepiness scale 



measurements of mental performance [Q. It is impoitant to 
recognize that die purpose of the incloston of the positive 
control is not to draw direct comparisons with the test dnig. 
The study drug shoald be compared to placebo, and the 
positive control should be used only to ensure the 
sensitivity of the psychometrics in the particular itistance 
of that study. 

In addition it is important to include tests which measure 
different aspects of cognitive and psychomotor perfor- 
mance. Kombaut & Hindmarch [S] demonstrated clearly 



that a large number of tests are available and currently in use 
when investigating the central effects of antihistamines. 
However, most of the tests are not reliable, have never 
been validated and reproduction of the results is almost 
impossible, even when experiments are carried out in .the 
same laboratory. 

It IS possible that various psychometric tests may have a 
differential sensitivity to the sedative effects of andbista- 
mines and it is for this reason that a batteiy of tests must be 
utilized in order to assess the activity of these compoundsi.^ 
It appears that tests of car driving, whether it is actual 
highway car driving or a simulated car-driving task; ainis 
commonly utilized when assessing the sedative profile b]^ 
antihistamines. Tests of car driving feature in 15 studies an^^^ 
appear to be sensitive to the sedative effects of antihist^^^ 
mines. It has been suggested that the ability of the driver to^il 
control weaving of the car, measured as the standa^^^p; 
deviation of the lateral position, is an indicator of driij 
induced sedation [7], Such tests reptf:esent low level ^obj^ 
motor performance and do not assess more ilhi 
functions, e.g, attention, judgement, cross-oyer. asi&t^^k 
redexes memory, etc. Car-driving testspcr/e are oot 
a suitable choice for .children and no^^vln^ p9^|pi||^^|l 
to assess the potential of an antihiBtamlftd '^'^6^110^ 
mental performance, studies should fttco{pb]rati: '6:0^ 
sensitive and reliable Laboratcxy ' t5s&';tibat iuis^si:^ipbtl: 
of mental processes. > ' - . . • ' *; ? : : 

A task which has commonly fe^mr^-in atudiieB 
gating the central effects of iuitihiBbanaiiii^ 
flicker fusion (CFF) task; CI7feftures,in.l6 stui^i^ i 
. consistently demonstrated the reduct|pn in cogiiii^ve eai^ 
city foUowing traditional antihistamines, as wcU as dSiX^^i' 
ing changes following other antihistamineSi e.g. LotatadiiiB 
and cetidzine, where other tests have failed to. detect aiiy .. 
impairment! OFF is one of the mpstconimofliy used taslks iti 
the . area and has proved sensitiye to a wide, range of 
compounds. The advantages of CFF include the siniple^ 
nQn-invasiye nature of the test, the fihoit duration of the 
assessment and ah absence of nujor praictice effects <subject • - 
to training subjects ^dor to participatioh in the study) 1:8]. 
For this reason, it is recomnjcndejji $h^t ClPF be incluilpd.in 
all test batteries wheii investigatirifg the central eSbcts -Of 
antihistaTnines/' ' • - ■ 

One of the most popular tneaspitf^' pf sensory motor 
performance is reaction - tinie tb 'sl ' critical ' stimulhsi. 
Choice reaction time (CRT^ is used fls an indicator 
sensorimotor resimhse, asses&tng, the' efQciency of the 
attenticnal and response mccbahisnis in the information 
processing chain without the need .for. extended cognitive 
processing. The total reaction time is regarded as the sum of 
two separable components: the stimulus recognition 
reaction time (RRT) used as a measure of attentional 
monitoring, and the Tnotor Teaction time (MRT) used as a 
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Table 3. Ranked sedative effects of selected antihistamines using I : Nl ratio 



No. tests showing no impairment (NI) 



No. tests showing impainneDt (I) 



Drug 



Dose 



Objective 



Fexofenadine 



Ratio I: NI: total: 
Ebastine 



Ratio I:NI: total: 
Cctirizine 



Ratio 1:NI: total 
Loratadinc 



Ratio]:NI: total 
•Mizolastine 



RatioI:N1: total = 



' Qilorpheniramine 



Ratio I : Nl: TOud = 
DiphcohydrBmiQe 



Ratio I:NI: total 
Triprolidine 



Ratio I:NI: total 



BOmg 3 
120 rag 9 
ISOmg 7 
240mg 6 
0.00, subjective ^O.OO, objective =0^00 
10 mg 4 
20mg 4 
30 mg 1 
:0.00. subjective — 0.00, objective =0.00 
2.5 mg 3 
5mg 11 
10 mg 24 
15 mg 1 
20 mg 9 
s0,21, aubjcctiYe=0.32. objective :s 0.17 
10 mg 14 
20 mg 8 
40 mg 4 
= 0.29» subjective =0.07, objective = 0.3 8 
5mg 13 
lOmg 7 

15 mg 8 
20 mg 

40,mg 

45 mg 1 
0.50, subjective = 0.40, objective 0.52 
4 mg 1 
8mg 

12ing 2 

16 mg 

7.67, subjective = not done, objective = 4.67 
25 mg 
50mg 
lOOmg 
150 mg 

= 27.50, subjective = not done, objective = 18.0 

5mg 
7.5 mg 
10 mg 
15 mg 

= 60.00. subjective = 14.00, objective =not done 



Subjective 



Objective 



Subjective 



4 


1 


2 


12 


3 


3 




2 


• 2 


5 


2 




6 


3 




3 


2 


I 


3 


5. 




2 






1 






I 








4 


1 




4 




1 


7 






,8 


• • . 




2 


2 




3 


• . 3 . 




1 


1 




5 


2 




23 


13 


2 


3 


' -2 




5 


2 




3 


1 




•4 


2 




3 


I 


1 


35 


9 




1 


1 



measure of the efficiency of the response output system. 
Measurements of CRT provide informatioa on the constant, 
very rapid adjustments individuals must make to their 
environment, which require them to attend to several 
potential stimuli at once 19]. This suggests that there is a 



high degree of constrtict Vididity inherent in reaction time 
measures. CRT i^pews in 17 studies ajid fee sensitivity of 
the test is highlighted by the fact that it is one of the £ow tcstp 
■diat detected impairments with antihistamines, such as 
mizolastine, cetiri^ne and loratadine. 
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The Digit Symbol Substitution Test (DSST), a simple 
pencil and paper test, is reported to measure integration, 
speed and accuracy of visual and fine motor skills (9]. 
Due to its simplicity, DSST is employed in a large 
number of studies and appears to be a reliable indicator 
of sedation. 

Other objective measures of performance which appear 
commonly in the literature arc tests such the P300 which 
represent the endogenous component of the auditory evoked 
potential [10]. This test is more dependent on information 
processing demands imposed by the tasks than on the 
physical attributes of the test and the prolongation of the 
P300 is taken as an index of inq>aired cognitive function. 
The multiple sleep latency test is also used throughout the 
day to provide an objective index of sleepiness [1 1 J. 

In . addition to objective measures of performance, sub- 
jective reports are also frequently utilized. Self-assessments 
of performance and sleepiness, al&ough commonly used 
and relatively easy to administer, are not as straighifprward 
or reliable as objective measures of sedadon. Subjective 
reports are much more likely to be influenced by transient 
fluctuations and other factors such as demand characteristics 
and environmental stimuli than are objective measures of 
performance [12]. Subjective reports ate extremely unreli- 
able, because by their very namre, sleepiness, somnolence 
and sedation can impair the self assessment of awareness 
and thus result in misleading results. Despite these incon- 
sistencies, if subjective measures are combined with sensi- 
tive and reliable objective tests, they can^ provide useful 
data. Almost aU the studies reviewed, have employed 
subjective rating scales, however, conflicting data ace 
reported and conclusions about the sedative potentia] of 
an antihistamine must not be made solely on data from 
subjective tests. 

' One well known' problem- wife performancorbased 
measures in psychopharmacology is that individuals can 
compensate for the effects of a psychoactive compound by 
dianging their performance strategy and/or motivation 
levels. Performance testing is often inCenruttent and subjects 
are usually forewarned or aware of the experimental proto- 
col and the impeding test This allows subjects to prepare 
themselves for performance assessmenL The Hmited period 
of concentration required may not accurately reflect typical 
levels of alertness throughout the day \\3i\. 

One way of overcothing the problems associated with the 
use of fixed test intervals is to use actigraphy to rnonitor 
the behaviour throughout the day. Actigraphy provides a 
continuous measurement of the motor component of 
behaviour and Is thus able to detect impairments in perform 
mance throughout the day and so overcomes the problems 
associated with fixed time interval testing [14]. 

The secondary objective of this review was to assess 
the sedative potential of second-generation antihistamines 



using this battery of cognitive and psychomotor tests. 
Using the fomaula of to calculate the risk: benefit 

ratio for a number of antihistamines, it is possible to rank 
these drugs in order of increasing adverse effects. Table 3 
identifies only a few antihistamines with a risk : benefit ratio 
of zero. These include astemizole (10-60 mg), ebasfine 
(10-30 mg)» fexofenadine (80-240 mg), levocabastine 
(0.5-2.0 mg/mL) and temelastine (200 mg). As for 
levocabastine and temelastine, only a smaU number of 
studies have investigated the CMS etfect of these 
compounds and although the I: NX ratio is calculated as J 
zero, this value is derived from one or two smdies, and 
therefore further research is required before they can be^ 
confidently placed in Ac nonsedating antihistaminer^ 
category. 

Pexofpnadine, which is the active metabolite of teifena^v^ 
dine, is a recent addition to the list of non-sedating anCir 
histamines. A ntimber of placebo and verum contrDlled.1 
smdies have been conducted using fexofenadine at up .t0^ 
four times the teconunended dose. Within Ihese di 
ranges, fexofenadine lacks any objectively deteimihi 
sedative activity and does not impair cognitive and payC^o^ 
motor performance. 

Conclusion 

It is evident from the findings of this' review that ^ 
antihistamines possess a potentia) to pFqdiice..€dtheroJ;»|t^ 
tive or subjective sedation or both. This potential is ^ 
function of histaminergic medianisjns .-involved, in 
control of CHS arousal and is more likely to l>appen "^^J 
those substances which cross the blood-brain bamer and > 
exert a direct effect on the bmin. In order.to be able to detedt: .^J 
this possible sedative activity. It is important to use a batte^^3j ^:r^ 
of tests which have proved to be sensitive and reliable :'l 
indivaljurs of sedation. . ^ 

A number of tests have been identified which are sensi-* 
tive to both objective and subjective effects of antiMsta- ■ 
mines. These include CFR CRt» 15SST, and actual an4,v 
simulated car dri\^ng. PhyisiolDgicel measures such as th^-, 
MSLT an4 the use of evoked potential^. 9an^ also be added to i 
the test fa^tteiy depending on.the reglnrements of a specific . : ; 
study. The use of actigraphy could eiiharute the chances of ! 
detecting sedation as it provides an. index of ^^ation on a ! 
continuous .24-h basts. ? : ' 

Using this battery of tests, data from the present reVieW : 
clearly demonstrates that the second, generation of antihis- . 
tamincs have a niuch more favourable behavioural toxicity 
than their predecessors and represent a major advance in the 
treatment of allergy in ambulant patients who wish to 
continue widi ihcir activities f daily living without 
experiencing decrements in their cognitive and psychomotor 
abilities. 
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